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ABSTRACT
Calculations are pevformed to determine the influence gf a
|
layer of molecular hydrogen in the lower thermosphere, whose pre-
{

1

sence has been recently suégested by Bates and Nicolet, on the

escape rate and altitude distribution of atomic hydrogen in the

thermosphere, It is concluded that the presence of molecular
i clde

hydrogen has little affect on the distribution of atomic hydro-

gen.,

]
This work was completed while the author was visiting the Southwest

Center for Advanced Studies, Dallas, Texas, U, S. A,
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1. Introduction E
|
i
The abundance of hydrogen in the Earth's atmosphere in the

|

region of and below 100 km ‘has been considered recently by Bates

and Nicolet(l). They have |

i

noted that the reaction,

H+H02’:->H2+02 (1)
|
may be an important source of hydrogen molecules in the mesosphere,

Assuming that the hydrogen'ﬁolecules are lost through the process, ,,///”w

4

H2 + 0 % OH + H (2a)

i
the OH further reacting thrbugh the process,

OH + (2b)

Q
— _._.A‘ SO
o
N
+
T

they have concluded that a iayer of hydrogen molecules is formed
i

i .

whose concentration is concéivably well above that of atomic hydrogen

at the 100 km level, The m?lecular hydrogen would flow upwards

through the thermosphere be%ng converted to atomic hydrogen by processes
(2a) and (2b), Bates and Nic;let(l) have noted that this mechanism would

3

tend to increase the escapeirate of atomic hydrogen.

In this paper the inflﬁence of hydrogen molecules on the escape
rate and distribution of atomic hydrogen is investigated.
2. Diffusion Equations

The distributions of atomic and molecular hydrogen, assumed to

be minor atmospheric constituents, are described by the equations,



1l _ i
— = -anl - ¢l/Ql (3) !
dz
dn2 ;
—2- ., -0, oW
dz ;
d¢ |
—_— = 28n2n(0) (s)
dz . ;
d¢2
— -ann(o) (6)
dz
where,
- m e é_
P, = [(1+-Ei- /\i),hi + (1"’1""1):17. lnT]/(l+Ai) (7)
and 3
Qi = Di(l+Ai) (8)

The concentrations, fluxes, scale heights, molecular diffusion coef-
ficients, ratios of the eddy to molecular diffusion coefficients, and
thermal diffusion factors of the gases are denoted by n, ¢, H, D, A and

a respectively with identif?ing subscripts 1 for atomic hydrogen and 2 for
molecular hydrogen. T is tﬁe £as temperature, B8 is the rate coefficient
of process (2a), m is the neén mass per particle of the atmosphere, and

n(0) is the concentration of atomic oxygen. The rate coefficient, B, of
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(2a) has been measured by Clyne and Thrush(2 over the temperature

range 409°K to 733°K giving,

-13 Tl/.2

B = 6x10 exp(~4450/T) cm sec™t (9)

The molecular diffusion coefficients were taken to be,

8 1172 )y (10)

o
1]

2 x 10%

and

D ;8 /2y (11)

2 1l x 10

where N is the total atmospheric gas concentration and the thermal

diffusion factors were taken to be,

@, = -0,25 and a, = 0.33 (12)

3. Model Atmospheres
In the region above 120 km the concentrations of the major con-

stituents and the temperat@re were represented by the model intro-

(3)

duced by Bates « The teﬁperature is given by
!

i

|
T(z) = T (l-e""

E) (13)

and the number density of %omponent X by,

l-a 1+y TE '
n(z/X) = n(120 km/X) -—TE—— e (1u)

e =-a
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where

a= [T_~T(120 km)1/T_ (15)

1= (.32.)  /[T,-T(120 km)] (16)
z 23120 km

Y = [1-a]/tHflzo km/X) (17)

H(120 km/X) is the scale height of component X at the reference
altitude of 120 km and & is the geopotential height above this .

reference level, The temperature at the escape level differs little

from T_. It was assumed that,

10 -3

n{120 km/0) = 7,25 x 10 cm (18)
n(120 km/N,) = 4,02 x 10t ™3 ©(19)
n(120 km/02) = 7.01 x lolo cm-s (20)
- o dT - 1co
T(120 km) = 295°K. (o) = 15°K/km (21)
v “dz
z=120 km

Below 120 km the temperature was assumed to take the form
T = T('70 km)[1+d §] (22)
with

a(z/X) = n(120 km/X)/[1+d€7*P (23)



where
dT
d = (E;) /T(120 km) (2u)
z2=120 km
and
b = 1/8H(120 km/X) (25)

It was also assumed that,
<) = 1,25°K/knm (26)
% 2520 km
in this lower region. The values chosen for the atmospheric parameters
(w)

are characteristic of the mean of the solar cycle . The distribution

of atomic oxygen is of some importance since; though reaction (2a) it is
responsible for the destruction of molecular'hydrogen. It is difficult
to describe its distribution}in the region below 120 km since this is
controlled by the upw-: jif}usion (molecular and eddy) and dissociation
of molecular oxyfen. The wérk of Colegrove, Hanson and Johnson(s)
appears to indicate that between 100 km and 120 km, atomic oxygen is

best represented as following its own constant scale height, H(120 ¥*m/0),

rather than a mixing scale height and this variation was adopted here.

Fig. 1 shows the lifetime of a hydrogen molecule defined by
T = 1/8n(0) (27)

as a function of altitude fof this model atmosphere for the cases of
T_ of (13) equal to 1000°K aéd 1750°K, It can be seen that the

chemistry is of little imporﬁance below 120 kﬁ.

i
|
|

i
i



4, Solution of the Diffusion Equations
Eqs. (5) and (6) imply that ¢L + 2¢2 is constant with altitude,

At the escape level, taken to be at 500 km, ¢2 was set to zero so

that
= 28
%_+ 245 F (28)
where T is the escape flux of atomic hydrogen given approximately by,

F = 2,97 x 107 nl(soo{km) (500 km)>/2 exp[~7010/T(500 km)] .  (29)

i
i .
|

Eqs. (3), () and (5)1were numerically integrated downwards
from the 500 km level to tﬁe 100 km level with,
|

n (500 kn) = 10°; 6,(500 km) = T3 9,(500 kn) = 0 (30)

Since the equations are linear the choice of nl(SOO km) is arbitrary.

Solutions were obtained for several values of nQ(SOO km) and for T,

of (13) equal to 750°K, 1000°K, 1250°K, 1500°K and 1750°K., The work

(s) indiéates that the eddy diffusion coefficient

may lie in the range 8 x 10? cm2 sec-l to 8 x 106 cm2 sec_l. Since,

of Colegrove et al,

at the 100 km level D, has a value of 3.4 x 106 cm2 sec + rising to
- i
7.3 % lO7 cm2 sec-l at 120 km the inclusion of eddy diffusion is

of interest. Calculations were therefore performed with the eddy

i 6 -
diffusion coefficient, DE' set equal to zero, 2 x 10 cm2 sec 1 and

-1

b x 106 cm2 sec at all altitudes.



Equations (4) and (6) @o not involve n, so that the solutions n,

and ¢2 may be obtained independent of the n, distribution. Table 1

i

shows W, (100 km), the difﬁusion velocity of molecular hydrogen at
the 100 km level as well a% Wy (100 km), the diffusion velocity of
atomic hydrogen at the lOOikm level in the absence of molecular
hydrogen.' The results are given for various values of the eddy
diffusion coefficient, DE’ ?nd the temperaturey T_, The molecular
diffusion coefficients appeéf to be large enough to prevent any
significant dependence of t?e solutions on Dpe
If both components followed a mixing distribution at low altitudes
the appropriate diffusion v%locities for W, (100 km) and W, (100 km)

would be 4.8 cm 's.ec-l and 2;2 cm secml respectivaly“. It can therefore

be seen from the table that%there is a departure from the mixing

distribution although it isinot very significant., Except at low

temperatures, when the esca%e flux is small enough to cause the atomic

hydrogen distribution to foilow its own scale height to lower altitudes

than at higher temperatures; the results are rather insensitive to T, .
It is also possible to;derive a relationship between n, and n,

independent of the boundaryiconditions and hence deduce the effect of

"
These figures depend on the model atmosphere choosen and the values

assigned to the diffusion coefficients Dl and D, For example,

(6

Kocharts and Nicolet ) obtain a value of 2,5 cm sec‘l for wl (100 km),



molecular hydrogen on the escape flux of atomic hydrogen. Let N

¢ and n, , 6, , be respectively solutions to the diffusion equations

T R

1 1 1
corresponding to the sclutions n, and nQ". It can be shown that,
ah
o - (P - = 2w, /N 31
az - Oy Ty ruy/Qy) = 2w/ (31)
where
G = (n, -nl)/(n2 -n,) . (32)

The boundary condition on 7 is that 5(500 km) = 0 since nl(SOO km)

* . . . . S . .
ana ny (500 km) were arbitrarily fixed at 107, G is thus independent

o ot o
o

", n,, and n, Setting n, = 0 at all

> distri i .
of the distributions n n 2 5 2

.
a

l ]
%
becomes the atomic hydrogen distribution obtained when

1
molecular hydrogen is absent, denocted by nl(o). Thus (32) gives,

altitudes, n

U STD - .
nl(z) =5 (=) + nz(z)u(z) . (33)

Table 2 gives the values of © (100 km) obtained from the numerical

solutions for the exospheric tr peratures and eddy diffusion coef=-

1 .clents considerec, j )

{
Measurements of tlie terrestrial absorption of Solar Lyman-a

L | 7 -3
radiation indicate that nf (100 km)&== 10" cm . If the escape flux

in the absence of molecular hydrogen is to be augmented by a factor
. . . 7 -3 :
f while still maintaining n. (1060 km) = 10 cm then 1t follows
[

fyar (23) that, ‘

nz(low ki) = (l-f)lO7/C(100 km) . (3u)



(1Y .. . . ' \
Bates and Nicolet finc the totai upward flux of hydrogen atoms

i 7
(both free and combined) from the lower atmosphere to be about 8 x 10

-2 - . J ’
cm sec . which must equal the escape flux. Table 2 shows the

values of n, (100 km), calculated from (34), necessary to augment the

escape flux in the absence of molecular hydrogen to this value., For

7 7 3
example about 1.3, x 10 and 1.20 x 10 hydrogen molecules/cm are

2

1}

1000°K and 1750°K respectively

6 ) - .
4 x 10 cm? sec l. Figs, 2 and

required at 100 km for the cases of T

with the eddy diffusion coefficient D

1l

E
3 show the atomic and moleéular hydrogen distributions and fluxes for
these two cases. The dashéd curves show the distributions of atomic
hydrogen in the absence ofimolecular hydrogen while still producing
the same escape flux. It éan be seen that the atomic hydrogen dis-
tribution is not seriously?affected by the presence of molecular hy-
drogen. Fig. ) indicates fhat the greatest amount of atomic hydrogen
is produced in the region of 20 km which is above the region where
the gradient in the atomicéhydrogen distribution is greatest. It
is therefore, not surprisi&g that the presence of molecular hydrogen
i

in significant quantities does not seriously distort the atomic hy-
|

drogen distribution. E
5, Conclusions

It appears that, at thé 100 km level, a concentration of molecular
hydrogen comparable to the atomic hydropen concentration is consistent
with the estimated flux of hydroren from the lower atmosphere. The

aititude distribution of atomic hydrogen is not appreciably affected by

the presence of the molecular species.
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CAPTIONS

Figpure 1 Lifetime of a hydrogen molecule as a function of altitude

as regards destruction through process (2a) of the text.

Figure 2 Distribution and fluxes of atomic and molecular hydrogen

. | . 7 =2
corresponding to an escape flux of atomic hydrogen of 8 x 10 cm

scg—l for T = 1000°K, The:dashed curve is the distribution that

would be obtained in the absence of molecular hydrogen.

Figure 3  Distribution and fluxes of atomic and molecular hydrogen
. . 7 -
corresponding to an escape flux of atomic hydrogen of 8 x 10 cm 2 sec

for T = 1750°K, The dashed curve is the distribution that would be

obtained in the absence of molecular hydrogen.
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